T and three closely related strains were isolated from iceberg lettuce. The strain was found to consist of strictly aerobic, Gram-stain-negative rods that formed cocci in late stationary phase. 16S rRNA gene sequence analysis showed that strain NRRL B-41902 T was most closely related to species within the genera Acinetobacter, and that a grouping of it and the three other closely related strains was most closely related to the type strain of Acinetobacter pittii, which was also confirmed through a phylogenomic analysis. Moreover, in silico DNA-DNA hybridization analysis revealed a substantial amount of genomic divergence (39.1 %) between strain NRRL B-41902 T and the type strain of A. pittii, which is expected if the strains represent distinct species. Further phenotypic analysis revealed that strain NRRL B-41902 T was able to utilize a combination of L-serine, citraconic acid and citramalic acid, which differentiated it from other, closely related Acinetobacter species. Therefore, strain NRRL B-41902 T (=CCUG   68785   T ) is proposed as the type strain of a novel species, Acinetobacter lactucae sp. nov.
The genus Acinetobacter (Brisou & Pr evot, 1954 ) is composed of aerobic, non-motile, Gram-negative microorganisms found throughout the environment. Species within this genus are thought to primarily function as saprophytes, but they are also sometimes encountered in human and veterinary clinical settings, generally as nosocomial pathogens. The genus, as it is currently recognized at the time of writing, consists of more than 40 validly published species names. The type species, Acinetobacter calcoaceticus, was first isolated by Beijerinck (1911) and named 'Micrococcus calco-aceticus'. However, he did not publish a formal description of the species, so the name did not appear on the Approved Lists of Bacterial Names until 1980 after a formal description was published by Henriksen (1973) . Currently, an additional four species names remain to be validly published: 'Acinetobacter kyonggiensis' (Lee & Lee, 2010) , 'A. marinus' (Yoon et al., 2007) , 'A. oleivorans' (Kang et al., 2011) and 'A. refrigeratorensis' (Feng et al., 2014 (Feng et al., , 2015 . In this paper, we describe a novel species of the genus, which was isolated from iceberg lettuce (Lactuca sativa).
Isolates for this study were obtained from iceberg lettuce purchased from a supermarket in Peoria, Illinois (USA). A small, 1 cm 2 piece was cut from a leaf of the lettuce and homogenized in sterile phosphate buffered saline (PBS) (137 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , 2 mM KH 2 PO 4 , pH 7.4). A 1 ml aliquot of the liquid homogenate was subsequently added to 9 ml of tryptone-glucose-yeast extract (TGY) media (5.0 g tryptone; 5.0 g yeast extract; 1.0 g glucose; 1.0 g K 2 HPO 4 ; 1 litre double distilled H 2 O; pH 7.0) and allowed to incubate overnight at 30 C with shaking at 125 r.p.m. A 1 ml aliquot of the culture was used to create a dilution series to 10 -6 in sterile 0.5 % (w/v) PBS followed by plating onto TGY agar. Plates were subsequently incubated at 30 C; all isolates were subsequently observed to possess the same non-pigmented and smooth colony morphology. Four isolates were selected for further characterization and, ultimately, deposited into the ARRS Culture Collection (NRRL) where they were given the strain numbers NRRL B-41902 T , B-41903, B-41916 and B-41918.
Routine tests, including Gram staining and for agarase, amylase, urease, catalase, gelatinase and oxidase activity, were carried out as described by Smibert & Krieg (1994) .
The growth temperature range was tested on TGY at 4, 15, 26, 37, 44 and 48 C for up to 7 days. The effect of NaCl concentration on growth was investigated using TGY broth supplemented with 0, 1, 5, 7 and 10 % (w/v) NaCl at 26 C. Motility was determined on TGY with 1:10 agar at 30 C. Growth under anaerobic conditions was evaluated at 37 C in an atmosphere consisting of 5 % hydrogen, 5 % carbon dioxide and 90 % nitrogen for 7 days. Catalase and oxidase activities were examined using 3 % (v/v) hydrogen peroxide solution and 1 % (w/v) tetramethyl-p-phenylenediamine dihydrochloride (Difco), respectively.
Microscopic examination was carried out using scanning electron microscopy. Cells were fixed for 1 h in 2.5 % (v/v) glutaraldehyde in PBS, pH 7.0, and then washed three times with PBS buffer at 10 min intervals for each wash. Washed samples were immersed in 2 % (v/v) osmium tetroxide (diluted in deionized water) for 45 min. The osmium tetroxide treatment was followed by three washes of sterile water with 10 min intervals per wash. Samples were dehydrated at room temperature in a graded series of 25, 50, 75 and 95 % (v/v) ethanol with a 30 min interval for each step. The dehydration series was followed by three changes in 100 % ethanol (absolute grade), with two changes of 30 min followed by overnight for the last 100 % ethanol change. After dehydration, the samples were subjected to criticalpoint drying. Dried samples were mounted onto pin stubs with double sided tape, sputter-coated with gold, and then examined using a JEOL JSM-6010LA variable pressure scanning electron microscope (JEOL) in high vacuum mode. Cells were observed to be rod-shaped but changed to spherical when stationary growth phase was achieved (Fig. S1 , available in the online Supplementary Material).
To obtain material for DNA extractions, the strains were grown in 5 ml TGY broth and incubated aerobically at 30 C for 24 h with shaking at 125 r.p.m. DNA was extracted from those cultures using the QIAamp DNA Mini QIAcube kit (Qiagen) following the manufacturer's protocol. PCR amplifications of the 16S rRNA gene were performed with 1Â AmpliTaq Gold 360 Master Mix (Applied Biosystems), <1 µg template DNA, and 0.2 µM each of primers 27f (Lane, 1991) and 1492r (Marchesi et al., 1998) . All PCRs were performed with an initial denaturation step for 10 min at 95 C followed by 35 cycles, each consisting of a 30 s denaturation step at 95 C, a 30 s annealing step at 55 C and a 1 min extension step at 72 C, and then followed by a final extension step for 7 min at 72 C. The amplification product was purified using Montage PCR Cleanup Filter Plates (Millipore). Sequencing reactions for both forward and reverse strands were conducted using the ABI BigDye sequencing kit (Applied Biosystems) following the manufacturer's suggested protocol but at one-quarter the recommended volume. The reaction products were purified via ethanol precipitation and run on an ABI3730 genetic analyser (Applied Biosystems). The resulting DNA sequences were edited visually using Sequencher version 4.1.2 (Gene Codes) and deposited in GenBank under accession numbers KU921101-KU921104. The EzTaxon 16S rRNA gene sequence database for type strains (Kim et al., 2012) was used to identify taxa that were most closely related to the strains. Acinetobacter pittii was the species whose type strain shared the highest sequence similarity (99 %) with the four novel strains isolated in this study. We therefore downloaded the 16S gene sequences for all Acinetobacter type strains, as well as the sequences for the type species of closely related genera, for further phylogenetic analysis, described below.
To verify the phylogenetic placement of our isolates, we conducted a phylogenetic analysis of all 16S rRNA gene sequences for all known Acinetobacter species. Sequences were aligned using the program MUSCLE (Edgar, 2004) , as implemented in the computer program MEGA 6 (Tamura et al., 2013) ; the resulting alignment was visually checked for errors and manually adjusted. Phylogenetic analysis was conducted with MEGA 6 using the neighbour-joining (NJ) method (Saitou & Nei, 1987) and the maximumlikelihood (ML) method. For both NJ and ML analyses, the Kimura two-parameter model with non-uniformity of substitution rates modelled by a gamma distribution (shape parameter=0.3) was used, as this model was found to be the best-fit using the likelihood-based model selection algorithm implemented in MEGA 6. The complete deletion option was used for both NJ and ML analyses, and the level of bootstrap support was calculated from 1500 replicates. For the ML analysis, the nearest-neighbour interchange heuristic search method was used. The results are presented in Fig. 1 . The close relationship between A. pittii and the clade encompassing strains NRRL B-41902 T , NRRL B-41903, NRRL B-41916 and NRRL B-41918 was confirmed, although the relationship was weakly supported (bootstrap value <50 %; Fig. 1 ). The next most closely related taxa were A. calcoaceticus, 'A. oleivorans' and genomospecies 1/3 (Fig. 1) . Together, these species plus A. pittii and NRRL B-41902
T formed a moderately supported clade (bootstrap value=72 %; Fig. 1 ). The tree topology and strength of support for internal nodes was similar in the ML tree (Fig. S2) .
Following the initial 16S rRNA gene sequencing and analysis, we also conducted a phylogenomic analysis of strain NRRL B-41902 T in comparison to type strains of other closely related Acinetobacter species, including A. pittii. For this analysis, the complete genome of strain NRRL B-41902 T was sequenced. The total genomic DNA extraction was conducted as described above. The genome was sequenced using a MiSeq DNA sequencer using the MiSeq V3 2x300 sequencing kit following the manufacturer's suggested protocols. The resulting reads were quality trimmed to the Q30 confidence level. The draft genome was assembled using CLCbio Genomics Workbench 8.5.1 (Qiagen) using default parameters. The sequences were deposited in NCBI GenBank under accession number LRPE01. The phylogenomic analysis was conducted using Tamura & Nei (1993) distances, with a gamma correction of 0.5; bootstrap support was calculated from 1000 replicates. The dataset consisted of 602 genes, which represented the core genome of all species included in the comparison. The resultant tree is shown in Fig. 2 . As in the 16S rRNA gene tree (Fig. 1) , the closest relative was A. pittii, followed by A. calcoaceticus, 'A. oleivorans' and genomospecies 1/3 (Fig. 2) . Support for this clade was very strong (bootstrap value=100 %), more so than in the 16S gene tree. We also conducted a more focused phylogenomic analysis of multiple strains closely related to NRRL B-41902 T , including the type strain of A. pittii and several other reference strains of this species (Fig. 3) . As expected, the results clearly show that strain NRRL B-41902 T and several closely related strains form a strongly supported (bootstrap value=100 %) clade distinct from the A. pittii type and reference strains. An in silico DNA-DNA hybridization (DDH) analysis of all genomes included in the phylogenomic analysis (Table 1) showed that the level of genomic similarity observed between strain NRRL B-41902 T and the type strain of A. pittii was 51.2 %, which is consistent with strain NRRL B-41902 being recognized as a distinct taxon (cf. Goris et al., 2001; Kim et al., 2014; Richter & Roselló-Mora, 2009 ). Whereas strain NRRL B-41902 and other conspecific strains share an average in silico DDH value of 75.9 %, the average level of genomic similarity between these strains and A. pittii strains was 52.1 % (Table 1 ). An analysis of average nucleotide identity using OrthoANI (Lee et al., 2016) was consistent with the in silico DDH analysis results and confirms our findings (Fig.  S3) . Note that strain ANC 4050 appears to represent an additional taxon on the basis of it clustering outside the strain NRRL B-41902 T and A. pittii strain clades, and its in silico DDH value was similarly divergent from NRRL B-41902 T and the type strain of A. pittii (Table 1) . Similar observations were made by Touchon et al. (2014 T . The data were collected using the Sherlock Microbial Identification system (MIDI) as described by K€ ampfer & Kroppenstedt (1996) . All strains were cultivated on TGY agar at 28 C for 24 h to achieve an equal growth stage. The results are listed in Table 2 . The primary cellular fatty acids (!10 %) for all strains were C 16 : 0 , C 16 : 1 !7c/ C 16 : 1 !6c and C 18 : 1 !9c. Of these, C 18 : 1 !9c was the most abundant, with levels being above 33 %. Similar fatty acid contents were observed for the type strains of other species used for comparative purposes (Table 2) . In addition to the examination of total cellular fatty acid content, we used the Omnilog (Biolog) system to perform substrate utilization, chemical sensitivity and other growth tests. Omnilog Phenotype Microarray System (Biolog) tests were conducted using preconfigured GenIII microplates and PM microplates and repeated twice; to conduct these assays, cells were swabbed from the surface of Bio-Universal Growth (BUG) agar (Biolog) plates and suspended to a specific density (95 % transmission) into the microplate inoculating fluid. Subsequently, 100 µl of the bacterial solution was aliquoted into each well of the microplate and incubated aerobically at 28 C for 48 h. We found that the combined results of various phenotypic tests run under the Omnilog system can be used to differentiate strain NRRL
B-41902
T from closely related Acinetobacter species (Table 3) . Specifically, strain NRRL B-41902 can assimilate L-serine, citraconic acid and citramalic acid, whereas closely related type strains of other Acinetobacter species cannot (Table 3) . Based on these results and those of the polyphasic analyses described above, we propose recognition of Acinetobacter lactucae sp. nov., with NRRL B-41902 T (=CCUG 68785 T ) as the type strain.
Description of Acinetobacter lactucae sp. nov.
Acinetobacter lactucae (lac.tu¢cae. L. gen. n. lactucae of lettuce). 
